Object. A community-based study was conducted to estimate the frequency of and evaluate the clinical features related to delayed diagnosis of aneurysmal subarachnoid hemorrhage (SAH).
D espite recent advances in the management of aneurysmal SAH, overall outcome in patients with this disorder remains unsatisfactory mainly because of primary brain damage, rebleeding, and vasospasm. 2, 12, 13, 15, 16, 29, 30 It has been shown that the rebleeding rate is highest on the day of the initial SAH, especially within 6 hours after onset, and it decreases steeply after 6 hours following SAH. 10, [12] [13] [14] 17, 19 Early recognition of the signs and symptoms of SAH and prompt referral to facilities where proper diagnostic and therapeutic techniques are available are essential for improvement of overall outcome. However, delayed diagnosis of SAH because of misdiagnosis by clinicians or failure of patients to present for prompt treatment is not necessarily rare. 1, 3, 5, 7, [25] [26] [27] [28] 31, 33, 34 Misdiagnosis of SAH may occasionally become an important reason for litigation. 24 Although a number of studies have investigated the misdiagnosis of SAH, only a few have addressed unawareness of the condition by affected patients. 7, 25, 31 Furthermore, all of the published studies were based on hospitalized patients, who are not truly representative of patients in the community, because of inevitable case selection. 1, 3, 5, 7, [25] [26] [27] [28] 31, 33, 34 An ideal study in this respect would be a community-based one that includes all incident cases of disease, regardless of the age and clinical condition of the patients and in which all diagnoses are systematically verified by neuroimaging. In the present study based in Izumo, a small city in Japan, the frequency and reasons for delays in the diagnosis of aneurysmal SAH, including misdiagnosis by clinicians and patient unawareness, were investigated. covers a rural area of approximately 175 km 2 , and it has 80,000 inhabitants. There is no heavy industry, and the social and demographic composition is relatively stable. Izumo has 4 hospitals, and CT scanning is available at each of them. Because 2 hospitals have neurosurgical and neurological departments and are designated emergency centers, all patients with verified or suspected SAH, even if moribund and regardless of age or condition, are immediately referred to the neurosurgical department at either hospital. [11] [12] [13] 15, 16, 18 Even if a patient is dead by the time of referral or is moribund on admission, we attempt to obtain CT scans whenever possible to confirm SAH, and clinical information is collected from relatives. In addition, the death certificates are reviewed, and the records of those suspected to have died of SAH are reviewed. 18 In most patients, the death certificates are completed by general practitioners from private clinics. Private clinics in Japan are medical facilities offering a specific (usually single) area of expertise and run privately by a physician or a group of physicians mainly on an outpatient basis. Data were collected from the records of the 4 hospitals and the patients' death certificates. [11] [12] [13] 15, 16, 18 During the 19-year period between 1980 and 1998, aneurysmal SAH was diagnosed in 358 patients; 352 (98%) were diagnosed at hospital neurosurgical departments and 6 (2%) at other departments. [11] [12] [13] 15, 16, 18 The conditions in 5 patients were discovered on examination of their hospital charts after review of the death certificates. The other patients, however, were ascertained from the hospital charts without the need to review death certificates. Of the 358 patients, SAH was verified by CT scanning in 353 (99%). In the 5 patients who died before hospitalization and who did not undergo CT scanning or autopsy, SAH was diagnosed on the basis of the clinical course and presence of blood in the CSF on spinal or suboccipital tapping after death. Among the 358 patients, 318 (89%) were admitted to the neurosurgical department of Shimane Prefectural Central Hospital. Data for these 318 patients were entered on a standard format sheet soon after the patients had been discharged from the hospital, and the data were entered into a personal computer. Data for the 40 patients who were admitted to the other hospitals were collected and sent to the neurosurgical department of Shimane Prefectural Central Hospital. Although many doctors participated in the data collection, all of the data were reviewed by the author before being input to a personal computer, to maintain format consistency.
On admission, each patient's clinical condition was evaluated using the GCS. 32 The clinical condition was classified according to the WFNS scale, 4 which is based on the GCS score. Of the 358 patients, 10 died before hospital admission, 6 suffered cardiopulmonary arrest on arrival, and 10 suffered respiratory arrest on arrival. These patients were included in WFNS Grade V. Aneurysmal SAH was classified by CT scanning performed on admission into 4 anatomical types: SAH alone, ICH, IVH, and SDH. 19 In patients with SAH alone, SAH on the CT scan was graded from I to IV. 9, 22 In this SAH grading, when SAH on the CT scan was slight or moderate, it was classified as Grade I or II, respectively. When a clot was severe and densely packed over a limited area, it was classified as Grade III. If it was severe and densely packed over a diffuse area, it was classified as Grade IV. Grade III and IV SAHs in this study correspond to Grade III of the Fisher scale. 6 The exact location of the ruptured aneurysm was confirmed on angiograms, at surgery, and/or at autopsy in 292 (82%) of the 358 patients with SAH. 12 The sites of the aneurysm were divided into the ACA, ICA, MCA, and vertebrobasilar circulation. The size of the aneurysm was determined in 285 (98%) of the 292 patients. 13 The aneurysms were divided into 3 groups according to maximum diameter: less than 5 mm, at least 5 to less than 10 mm, and 10 mm or more. Diagnosis of rebleeding before admission was made only if the patient again experienced a definite clinical deterioration after an episode suggesting SAH. 19 After admission, patients who showed a sudden neurological deterioration were subjected to repeat CT scanning, and rebleeding was diagnosed only when fresh blood was found on the CT scan in comparison with the previous scan. 19 In the present study, clipping of ruptured aneurysms was defined as surgery; however, ventricular drainage alone and coil embolization for ruptured aneurysms were not. After discharge, the patients underwent a follow-up review by a variety of methods, including personal consultation, telephone interview, and written correspondence. The outcome at 6 months after SAH was classified according to the Glasgow Outcome Scale.
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The SAH patients were classified into 2 groups on the basis of clinical history obtained from the patients themselves or persons close to them, such as relatives, at the time of admission: those for whom the diagnosis was delayed and those for whom diagnosis was obtained at an early stage. The delayed diagnosis group was divided into 2 categories according to the reasons for the delay. One reason for delay was that although patients consulted private clinics or hospitals soon after onset, the correct diagnosis was not made or suspected, that is, initial misdiagnosis by clinicians (Subgroup A). The other was that the patients underestimated the seriousness of their illness and did not seek prompt medical attention (Subgroup B). The patients in the early diagnosis group sought prompt medical attention and/or were transferred to hospitals soon after SAH, and a correct diagnosis was made. These classifications were not necessarily related to the timing of admission.
The chi-square test, Fisher exact test, or the MannWhitney U-test was used for statistical analysis. Multiple logistic regression analysis was performed to determine the variables associated with delay in diagnosis of SAH. Statistical analysis was performed using commercially available software (version 3, JMP Statistical Analysis Program, SAS Institute, Inc.). Differences at p < 0.05 were considered to be significant.
Results
Of the 358 patients with aneurysmal SAH, the diagnosis was delayed in 76 (21%) and was obtained at an early stage in 282 (79%) ( Table 1 ). The delayed diagnosis group included 46 patients (13%) who were misdiagnosed (Subgroup A) and 30 patients (8%) who failed to present for prompt medical care (Subgroup B). The propor- (15) 25 (9) 35 (10) 6:00 a.m.-12:00 p.m.
14 (36) 5 (19) 19 (29) 96 (35) 115 (34) 12:00 p.m.-6:00 p.m.
6 (15) 11 (41) 17 (26) 86 (31) 103 (30) 6:00 p.m.-12:00 a.m.
16 (41) 4 (15) 20 (30) 69 (25) 89 (26) (29) 1 (5) 11 (20) 67 (25) 78 (24) (14) 1 (5) 6 (11) 18 (7) 24 When all 358 patients were considered, the WFNS grade on admission was I or II in 166 (46%), III or IV in 84 (23%), and V in 108 (30%). Of the 76 patients in the delayed diagnosis group, 51 (67%) were Grade I or II, 15 (20%) were Grade III or IV, and 10 (13%) were Grade V, whereas of the 282 patients in the early diagnosis group, 115 (41%) were Grade I or II, 69 (24%) were Grade III or IV, and 98 (35%) were Grade V (p < 0.0001). With respect to the delayed diagnosis group, among the 56 patients who had no rebleeding before admission, 44 (79%) were Grade I or II, 11 (20%) were Grade III or IV, and 1 (2%) was Grade V, whereas among the 20 patients who had rebleeding before admission, 7 (35%) were Grade I or II, 4 (20%) were Grade III or IV, and 9 (45%) were Grade V (p < 0.0001). The WFNS grades on admission for the 329 patients who had no rebleeding before admission are shown in Table 1 Among the 353 patients who underwent CT scanning, the type of hemorrhage on the admission CT scan was evaluated in 321, excluding 29 patients who had suffered rebleeding before admission, 2 patients who had suffered rebleeding before CT examination after admission, and 1 patient in whom the type of hemorrhage was unknown. Figure 1 shows the initial clinical symptoms in the delayed diagnosis group. In most patients, the initial symptom was headache. Figure 2 shows the clinical symptoms of the 46 Subgroup A patients and the facilities where they were misdiagnosed, which included private clinics in 33 patients (72%) and hospitals in 13 (28%). In the hospitals, all 13 patients were misdiagnosed at departments other than a neurosurgical department. Four of these patients underwent CT scanning, but a correct diagnosis was not established because the SAH was very slight. The other 9 hospitalized patients and the 33 patients who were misdiagnosed at private clinics did not undergo CT scanning. Table 2 shows the newly developed symptoms and/or reasons why the 76 patients with delayed diagnosis were finally diagnosed as having SAH.
Episodes of rebleeding before admission were significantly more frequent in the delayed diagnosis group (20 [26%] of 76 patients) than in the early diagnosis group (9 [3%] of 282 patients) (p < 0.0001). Rebleeding before admission occurred in 11 (24%) of the 46 Subgroup A patients and in 9 (30%) of the 30 Subgroup B patients (p = 0.5558). In contrast, episodes of rebleeding after admission were significantly less frequent in the delayed diagnosis group (6 [8%] of 76 patients) than in the early diagnosis group (60 [21%] of 282 patients) (p = 0.0075). Regardless of whether patients had rebleeding before admission, patients in the delayed diagnosis group were admitted later than those in the early diagnosis group. Figure 3 shows the day of admission to hospitals at which the correct diagnosis was made. There was a significant difference between the delayed and the early diagnosis groups (p < 0.0001). The proportion of patients in the delayed diagnosis group who were admitted to hospitals within 6 hours after SAH was only 3% (2 of 76 patients), including 1 in Subgroup A and 1 in Subgroup B, whereas in the early diagnosis group the corresponding figure was 96% (270 of 282 patients) (p < 0.0001).
Of the 358 patients, 210 (59%) were treated surgically; of these 182 (87%) were treated by the same surgeon (T.I.). 8 The proportion of patients treated surgically was significantly higher in the delayed diagnosis group (55 [72%] of 76 patients) than in the early diagnosis group (155 [55%] of 282 patients) (p = 0.0062) ( Table 3) . Seven patients were treated with coil embolization for ruptured aneurysms. The main reasons for endovascular therapy included advanced patient age and/or poor clinical status at admission: 1 patient in WFNS Grade IV and 6 in WFNS Grade V. Both surgical and overall outcomes at 6 months after SAH were significantly better in the delayed diagnosis group than in the early diagnosis group. When limited to the delayed diagnosis group, of the 56 patients who had no rebleeding before admission, 37 (66%) were classified as having a good recovery, 2 (4%) as having moderate disability, 4 (7%) as having severe disability, 1 (2%) as in a vegetative state, and 12 died (21%), whereas of the 20 patients who had rebleeding before admission, 6 (30%) were classified as having a good recovery, 3 (15%) as having moderate disability, 1 (5%) as having severe disability, 1 (5%) as in vegetative state, and 9 died (45%) (p = 0.0084). Regardless of whether patients were diagnosed late or early, the leading cause of death in patients who died within 6 months after the initial SAH was the direct effect of aneurysm rupture itself (39% and 70%, respectively), followed in order by rebleeding (28% and 18%), vasospasm (17% and 7%), and medical complications (17% and 5%).
Discussion
Reported reasons for delay in the diagnosis of SAH have included misdiagnosis by clinicians, failure of patients to seek prompt medical treatment, delayed patient referral, logistical problems, or other. 25 Because Izumo city is small in area, it is possible for all patients with verified or suspected SAH, irrespective of age or condition, to be referred immediately, usually within about 30 minutes, to one of the 2 hospitals that are designated as emergency centers. [11] [12] [13] 15, 16, 18 Therefore, in Izumo, delayed referral and logistical problems are less likely to become a cause of delayed diagnosis.
In published studies, common preliminary misdiagnoses have included migraine, tension headache, meningitis, ischemic stroke, hypertensive ICH, epilepsy, sinusitis, influenza, cervical spine disorder, and other conditions.
1,3,5,25-28,31,33 In Izumo, however, when patients presented with simple headache, it was not necessarily unusual for clinicians, especially those at private clinics, to have given the patients simply a possible or an ambiguous diagnosis based on the symptoms, or not to have given the patients a specific diagnostic term at all. For this reason, in the present study, it was not possible to retrieve the erroneous diagnosis for the 46 patients who were misdiagnosed. In most patients whose diagnoses were delayed, the initial symptom was headache. The frequency of delayed diagnosis or misdiagnosis of SAH has been reported to vary widely from 5% to 51%. 1, 3, 5, 7, [25] [26] [27] [28] 31, 33, 34 These differences seem to be due to variations in the criteria used for definition of delayed diagnosis or misdiagnosis, whether misdiagnosis only or both misdiagnosis and patient unawareness were assessed, the methods used for case ascertainment, and the settings where studies were performed, such as private clinics, hospitals, or hospital emergency or neurosurgical departments. According to Schievink et al., 31 diagnostic errors by physicians were responsible for delay in 28% of cases, and failure of patients to seek prompt medical care in 9%. In general, the frequency of misdiagnosis is higher for patients who were treated at private clinics than for those seen at hospital emergency or neurosurgical departments. 3, 34 According to Vermeulen et al., 34 the rate of SAH misdiagnosis for patients who were admitted to emergency departments was 5%.
In the present study, among the 358 patients with aneurysmal SAH, the diagnosis was delayed in 76 (21%); misdiagnosis was responsible in 46 cases (13%) and failure of the patient to seek prompt medical care in 30 (8%). Of the 46 misdiagnosed patients, initial bleeding had been missed in 33 patients (71%) at private clinics and in 13 (28%) at hospital departments other than a neurosurgical department. However, no patients were misdiagnosed at neurosurgical departments. The frequency of misdiagnosis at private clinics decreased significantly from 14% between 1980 and 1989 to 5% between 1990 and 1998. In Izumo, neuroimaging modalities such as CT scanning are not available at most private clinics. Therefore, it is likely that clinicians at private clinics have become more aware of the signs and symptoms of SAH, and have been advising patients to consult hospitals without delay, thus contributing to the decrease in the rate of misdiagnosis. Additionally, the recent trend for increased medical litigation may have been another contributing factor. In any event, although educating primary physicians about SAH is undoubtedly important, it must be emphasized that all patients with suspected SAH should be referred immediately to facilities offering proper neuroimaging modalities such as CT scanning or MR imaging and state-ofthe-art therapeutic techniques. On the other hand, the proportion of patients who were unaware that an SAH had occurred did not differ significantly in the two periods, 1980-1989 and 1990-1998 . Therefore, we should be mindful that although improvements in diagnostic tools may help to reduce the rate of misdiagnosis by clinicians, this is not related to the potential of SAH to be overlooked by affected patients.
With respect to risk factors for delayed diagnosis of SAH, WFNS Grade I or II was found to be significantly and positively predictive. It is well known that patients with good neurological grades have a high risk of being misdiagnosed. 1, 26, 27, 33 In general, a better clinical grade is associated with a longer interval between SAH and admission. 10, 14 In this series, the frequencies of SAH alone and SAH Grade I on CT scans were related to delayed diagnosis. Subarachnoid hemorrhages on CT scans can diminish occasionally and spontaneously even in the acute stage. 20, 21 However, multivariate analysis demonstrated no variables related to CT findings that were potential independent prognostic factors for delayed diagnosis, probably because of the close correlation between these variables and clinical grade. None of the patients with ruptured vertebrobasilar aneurysms were misdiagnosed or were unaware themselves of their condition. These results seem to reflect the fact that when vertebrobasilar aneurysms rupture, the clinical condition becomes very poor and the great majority of patients are referred to hospitals immediately after SAH; 95% of patients with ruptured vertebrobasilar aneurysms are admitted within 6 hours after onset. 12 Onset of SAH between 12:00 a.m. and 6:00 a.m. was the most important positive predictor of the condition being missed by the patients themselves. This has not previously been considered as a risk factor for delayed diagnosis of SAH. If SAH occurs in the middle of the night and the symptoms are not severe, patients may not seek medical help immediately, and if the symptoms subside, patients may overlook them until deterioration occurs. To decrease the proportion of SAH episodes being overlooked by patients, further education of the public about the signs and symptoms of SAH and about the importance of seeking prompt medical attention, even in the middle of the night, is recommended.
In published studies, rebleeding rates for misdiagnosed patients have ranged from 21% to 69%. [26] [27] [28] 31 However, the frequency of rebleeding in patients who do not present for prompt medical care has not been reported so far. In this series, rebleeding before admission occurred in 20 (26%) of the 76 patients whose diagnoses were delayed, and in these patients, a correct diagnosis was made only after rebleeding. The rebleeding rate before admission did not differ significantly between patients who were misdiagnosed (24%) and those who did not pre sent promptly for medical care (30%). In contrast, among the 163 patients who were diagnosed early, the rebleeding rate before admission was only 3%. Thus, there is no doubt that early referral and early treatment of ruptured aneurysms is the best way to prevent rebleeding. On the other hand, the frequency of rebleeding after admission was significantly lower in the delayed diagnosis group than in the early diagnosis group. This appeared to reflect the difference in the timing of admission, since rebleeding of SAH is especially common within 6 hours after onset. 10, [12] [13] [14] 17, 19 The outcome of patients in whom diagnosis is delayed eventually becomes worse than that of patients who are diagnosed and treated promptly. A limitation of this study was that the number of patients was relatively small. Therefore, further strict community-based studies will be needed in this area.
Conclusions
There have been no previous community-based studies of delayed diagnosis of aneurysmal SAH. In Izumo, among the 358 patients with aneurysmal SAH, the diagnosis was delayed in 76 (21%). This was due to misdiagnosis by clinicians in 46 patients (13%), and delay in patients seeking medical care in 30 (8%). A WFNS Grade I or II was the only positive independent risk factor for delayed diagnosis of SAH, and onset of SAH between 12:00 a.m. and 6:00 a.m. was also an important reason for the condition being overlooked by the patients. A comparison of the data for the 10-year period between 1980 and 1989 with those for the 9-year period between 1990 and 1998 showed that the proportion of misdiagnosis at private clinics decreased in the later period, whereas the proportion of patients not seeking prompt medical care did not change significantly. With further improvements in awareness of SAH and diagnostic techniques, it may be possible to decrease the rate of misdiagnosis to nearly 0%. However, it seems there may not necessarily be an easy approach for reducing the proportion of SAH patients who overlook their condition.
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